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INTEGRATED PORTABLE IN-SI'TU
MICROSCOPE

The present mvention claims the benefit of U.S. Provi-
sional Application No. 60/851,990, filed on Oct. 17, 2006,
which 1s hereby incorporated by reference 1n 1ts entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a minmiature high precision
portable microscope, and more particularly to a self contained
microscope that 1s built into a miniature portable stand.

2. Description of Related Art

High precision laboratory microscopes are bulky, heavy
and occupy a large area on a bench. These medium to high
power microscopes are traditionally limited to sample obser-
vations on a rigid table 1n a laboratory. Unfortunately, these
istruments are not practical for every application or acces-
sible to every person who can benefit from them. There are a
number of inexpensive portable microscope devices available
on the market. However, these technologies are low power
and limited to demonstration and 1nstructional purposes only.
They have limited magnification and resolution and often use
plastic optics. For example, the PocketScope®, manufac-
tured by Pocketscope.com LLC of Alpharetta, Ga., utilizes a
single plastic lens and 1s limited to 150x magnification and
the QX3 microscope 1s limited to 200x.

U.S. Pat. No. 4,729,635 1s directed to a hand-held single
lens microscope 1ncorporating two members movable
towards and away from each other for focusing. One member
holds a specimen to be examined, while the other member has
a lens aperture, presumably one with lens beads. The speci-
men 1s brought into focus by pivoting one clamp component
about the center of the other clamp component with finger
pressure, thereby adjusting the distance between the lens and

the slide.

U.S. Pat. No. 4,095,874 discloses a hand-held single lens
microscope which utilizes finger pressure to accomplish
focusing by detlection of one cantilevered part bearing the
spherical lens and a second cantilevered part holding the
slide. The two parts are resiliently joined along a common
edge and partially enclose the slide when the unit 1s 1n use.
The slide, however, cannot be repositioned while 1t 1s being
viewed.

U.S. Pat. Nos. 4,737,016 and 5,844,714 disclose portable
microscopes, incorporating low magnifying power lenses in a
handle combined with various detachable devices for holding,
both unmounted specimens and standard microscope slides.
The 1image 1s focused by pivoting or sliding the specimen
holding means closer or further from the lens. These micro-
scopes lack aperture optimization, a precise and stable focus
mechanism, adequate 1llumination, and an aperture for illu-
mination collimation control.

U.S. Pat. Nos. 5,572,370 and 35,267,087 disclose simple,
low magnification microscopes intended for use 1n determin-
ing a woman’s fertile periods. These instruments are not
intended for use with standard specimen shides, nor are they
intended for general microscopic use. The overall form of
these microscopes 1s cylindrical and internal i1llumination 1s
provided by means of battery powered light sources. There 1s
no provision to utilize ambient light for specimen 1llumina-
tion. These microscopes lack aperture optimization, a precise
and stable focus device or mechanism, and adequate 1llumi-
nation.

U.S. Pat. No. 5,880,879 discloses a microscope objective
lens system utilizing a diffractive optical element for chro-
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2

matic aberration correction. The two lens system includes an
aperture stop 1n between the lenses. One example of a lens
designed for microscopes according to this invention 1s a
singlet lens incorporating both aspheric and diffractive sur-
faces.

U.S. Pat. No. 6,847,480 discloses a portable, single lens
microscope for viewing an object positioned on a slide. This
microscope uses only a single lens, and the specimen must be
presented on a microscope slide.

There 1s a need for a high resolution, high magnification,
compact and portable, self-contained microscope for field
use, military applications, hospital or clinical use. Conven-
tional laboratory microscopes require the sample to be sec-
tioned, extracted or cut into small pieces to {it on a microscope
slide or other substrates within the confines of a microscope
stage. For many applications 1t 1s impractical to extract a
small sample that can be mounted and observed using today’s
bench-top microscopes. Therefore there 1s also a need for a
high-precision scientific grade portable microscope, suitable
for scientific or military applications, which 1s capable of
observing virtually any specimen with little or no alteration to
the sample.

SUMMARY

Accordingly, the present invention 1s directed to a minia-
ture, high precision, portable hand-held microscope that sub-
stantially obviates one or more of the problems due to the
limitations and disadvantages of the related art.

An object of the mvention relates to a hand-held micro-
scope including a tripod stand with adjustable legs which 1s
allixed to a positioming stage; a visual display component
aifixed to the positioning stage; an 1imaging detector compo-
nent electrically connected to the visual display; and an opti-
cal assembly including an imaging lens and an objective lens.
Both the imaging lens and objective lens are housed within an
imaging tube having two ends, one end of which 1s affixed to
the positioning stage and oriented transverse thereto, and the
other end of which 1s directed toward a sample to be viewed.

In another embodiment, the hand-held microscope further
includes at least one 1llumination source.

In yet another embodiment, the objective lens has a mag-
nification of from 10x to 100x. The imaging lens can have a
magnification of from 2x to 10x. The compound magnifica-
tion of the imaging and objective lens can be greater than
S00x.

In another embodiment, the hand-held microscope further
includes an 1maging detector, an 1maging lens, a beam split-
ter/recombination optic, an interchangeable objective lens, a
specimen surface/sample holder, a selectable light source, a
light source collimating lens, an 1r1s diaphragm, and a filter.

Additional features and advantages of the invention will be
set forth 1n the description which follows, and will be appar-
ent, 1n part, from the description, or may be learned by prac-
tice of the mnvention. The objectives and other advantages of
the ivention will be realized and attained by the structure
particularly pointed out 1n the written description and claims
hereot, as well as the appended drawings.

It 1s to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the ivention and are 1ncor-
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porated 1n and constitute a part of this specification, 1llustrate
embodiments of the invention and together with the descrip-

tion serve to explain the principles of the invention.

FIG. 1 1s a conceptual diagram of a MICAM 1nstrument
comprising a miniature seli-contained microscope and
adjustable tripod stand.

FIG. 2 1s a conceptual diagram of a MICAM instrument
showing multiple microscope objective lenses mounted 1n a
selectable turret. An electronics module performs all neces-
sary electronic and power functions making it completely self
contained, which 1s 1deal for field use.

FIGS. 3a and 35 show an 1imaging housing attachment that
performs a range ol high precision scientific microscopy
techniques such as fluorescence 1imaging, bright field or dark
field imaging.

FIG. 4 shows an accessory fused fiber taper for direct
viewing ol the sample without the need for an imaging cam-
era. The fiber taper array 1s a low cost alternative accessory
that 1s interchangeable with the imaging sensor and LCD
viewing screen.

FIG. 5 shows accessory modules for a MICAM micro-
scope 1nstrument mounted to an optional base plate.

The base plate has sockets for the tripod stand to attach to.
The central portion of the base plate contains a cutout slot for
holding standard microscope slides or other sample sub-
strates. The bottom of the base plate incorporates a light
source pad for illuminating the sample in transmission.

DETAILED DESCRIPTION OF THE INVENTION

The present invention 1s directed to a high precision, seli-
contained portable microscope capable of use 1n advanced
scientific microscope applications. This mimature digital
microscope camera (or MICAM) mnovation (see FIG. 1) 1s
capable of state-of-the-art microscope techniques, including,
but not limited to, “bright field,” “dark field,” “phase con-
trast,” “tluorescence 1imaging” and “polarization imaging.”

The MICAM technology consists of a durable, hand-held,
scientific quality microscope and stand that 1s not limited to
instructional or demonstration purposes. MICAM utilizes
high-quality optics suitable for obtaining high resolution,
high magnification scientific photomicrographs in the field.
MICAM 1s a compact, portable microscope that can be used
to observe virtually any sample that otherwise would not be
observable or convenient using conventional bench-top
microscopes. Samples may include live cells, other biological
samples, bacteria, viruses, blood, toxins, minerals, rocks,
semiconductors, metals, ceramics, and virtually any speci-
men that can be observed in-situ without the need to return to
the laboratory for analysis. This technology development has
capabilities 1n military, field research, zoology, archeology,
mineralogy, forensics and many other applications.

The MICAM invention 1s a portable, seli-contained,
medium to high power microscope without the requirement
for a computer to control the mstrument or acquire 1mages
from the camera. As seen 1 FIG. 1, the MICAM system
comprises a small rigid tripod stand 101 with a built-in micro-
scope objective lens 107, a positioning stage 104, an imaging
detector 103 (including, but not limited to, a Charged Couple
Device (CCD) or Complementary Metal Oxide Semiconduc-
tor (CMOS) mmaging detector) and a visual display 102
including, but not limited to, a Liquid Crystal Display (LCD)
mounted on top of the tripod stand and facing upward for the
observer to view samples directly on the LCD screen in real-
time. The tripod 101 stand can be placed over any surface,
while the sample 1s viewed directly on the LCD screen 102
without further adjustments. The microscope objective lens
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107 1s threaded 1into a housing which can be removed such that
a wide range of magnifications or Numerical Aperture (NA)
microscope objectives, including Long Working Distance
(LWD) objectives, can be used, ranging in magnification
from 10x to 100x. A set of imaging lenses 106 are inter-
changeable ranging from 2x to 10x. Both the imaging lens
and the objective lens are housed within enclosure sleeve (or
imaging tube) 108. The lenses can be focused with focus
adjustments 110. Combined with the imaging lens or detector
lens, compound magnifications of 500x or greater are achiev-
able.

The rigid tripod stand 101 in FIG. 1 includes adjustable
legs and 1s attached to multiple axis micro-positioning stage
104. Buwlt-in, interchangeable, oblique illumination light
sources 105 provide 1llumination to the specimen, which can
be viewed from 111, which 1s a sample surface or optional
base plate with a microscope slide slot.

FIGS. 2 and 3 show other embodiments of the invention,
wherein the fixed objective lens can be unthreaded from the
imaging tube 203 and replaced with a variety of NA objec-
tives to change the magnification. However, 1n an alternate
configuration, the fixed microscope objective lens can be
replaced with an objective lens turret that holds multiple
microscope objectives that can be rotated into place to accom-
modate a variety of magnifications (FIG. 2). Microscope
objective turret 201 holds multiple objective lenses that can
be rotated 1nto place to view specimen or sample surface 204,
which could be, e.g., aplant, tree, rock, propeller blade, or any
surface under analysis. Electronics module 202 controls the
camera and light source settings as well as other electronic
controls, including memory storage.

In other embodiments, the invention includes an inter-
changeable 1maging housing 301 with a variety of 1maging
modules to enable many high performance microscope tech-
niques to be implemented in the field or 1n-situ (See FI1G. 3a).
Imaging modules include, but are not limited to, dark field,
bright field, phase contrast and fluorescence imaging. As
shown 1n FIG. 35, each imaging module comprises a minia-
ture optical assembly comprising detector or imaging sensor
302, imaging lens 303, filter 304 (e.g., bandpass filter, fluo-
rescence emission filter, or neutral density filter), beam split-
ter/recombination optic 305 (e.g., wavelength division (dich-
roic) or amplitude splitter, bright field or dark field),
interchangeable objective lens 306, specimen surface or
sample holder 307, selectable light source 311, light source
collimating lens 310, 1r1s diaphragm 309, and filter 308 (e.g.,
bandpass filter, fluorescence excitation filter). This configu-
ration provides maximum eificiency illumination on-axis.

In the above embodiment, the 1maging tube 1s threaded at
its imaging end and attaches to a mating threaded flange that
houses a camera which 1s attached to the tripod.

Sample 1llumination 1s provided by internal light sources
including, but not limited to, Light Emitting Diodes (LEDs),
Laser Diodes (LDs), white light, narrow band or Ultra-violet
(UV) LEDs, mercury, Xenon lamp or other miniature lamps.
Accessory light modules are interchangeable, allowing a
wide range of 1llumination techniques.

Four alternative illumination techniques are built into the
MICAM mstrument and available to the user. An 1llumination
collar attaches to the outside of the imaging tube. The 1llumi-
nation collar comprises a ring of alternating color LED lamps
(or other light sources described later) located along the
imaging tube. Each LED lamp is inserted into a sleeve that 1s
mounted at an angle to the imaging tube providing oblique
illumination. The sleeve serves as a light baitle to block light
from directly reaching the imaging detector. These LED
lamps are encapsulated inside a plastic lens which concen-
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trates the light along a narrow cone. A ring of lamps form a
diffuse 1llumination of the sample. Retlected or scattered light
from the sample 1s collected by the microscope objective and
imaged onto the imaging detector.

The second 1llumination method consists of a ring of sur-
face mounted LED chips alternating in color, ultra-violet,
blue, green, red, white light around a ring. The LED ring 1s
attached to the specimen end of the imaging tube located just
outside the clear aperture of the microscope objectives. Elec-
trical connections are made at the edge of the illuminator ring,
along the 1imaging tube which eliminates any external wires.
The LED ring provides oblique illumination of the sample.
The LED ring 1s a tilted surface such that the emitting surface
of the LED’s 1s 1n the direction of the sample. Using the
clectronics control module, any one color or multiple colors
can be selected such that a complete ring of a particular color
will illuminate the sample such as but not limited to UV, blue,
green, red or white light. The surface mounted LED chips can
be used with or without focusing optics. The close proximity
with the sample and broad emission pattern of the surface
mounted LED ring produces a uniform diffuse 1llumination
of the sample.

The third method of i1llumination utilizes a light source
mounted inside a tube that incorporates epi-illumination
imaging (see FIG. 3) and comprises a choice of beam splitter
cubes for tluorescence, bright field or dark field imaging. This
maximizes the etficiency of the light source and concentrates
the light onto the sample that 1s concurrently imaged onto the
1mage sensor.

The fourth i1llumination method provides transmitted 1llu-
mination through a sample. As shown 1n FIG. 5, the tripod
stand 1s manufactured with an optional base plate 502 on
which to rest the tripod. The base plate 502 contains sockets
505 for the tripod feet to register against for repeatable attach-
ment and lock 1n place. The center of the base plate contains
a slot 503 for mounting samples such as standard microscope
slides or other substrates. Mounted underneath the sample
slot1s 1llumination disk 504, recessed below the top surface of
the base plate. The 1llumination disk or pad 504 1s a two-
dimensional array of alternating color LED’s that transmuits
light through the sample which 1s then 1imaged onto the imag-
ing detector. A single color, multiple color or white light
illumination 1s provided. The array of LED lamps provides
uniform illumination of the sample in transmaission.

Alternatively the LED pad can be replaced with a small
LCD screen which can be used as a single color or whate light
source to 1lluminate the sample 1n transmission.

The 1imaging and illumination tube 1s threaded to a multi-
dimensional micro-translation stage for lateral positioning of
the microscope objective relative to the sample under analy-
s1s. The multi-dimensional translation stage can take the form
of either 2-dimension or 3-dimensional positioning stage.
The 3-dimensional stage incorporates a third axis for focus
adjustment. Micrometer adjusters are used to control the lat-
eral position of the miniature slide. In an alternate configura-
tion the translation stage consists of mimiature hydraulic
actuators that move each axis along a mimature slide (see
FIG. 5). This innovation provides a precise control of lateral
positioning as well as focus without disturbing the instrument
or sample. Each axis 1s controlled with a minmiature hydraulic
adjustment knob or slider located on the electronics module

An 1imaging detector 510 1s built into the base of the imag-
ing tube 509. The imaging detector consists of, a CCD,
CMOS or any other type of 1maging sensor.

The MICAM system does notrequire an external camera or
monitor to view a sample. An LCD viewing screen 1s built into
to the top of the MICAM tripod stand 511 for direct viewing,
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by an observer without the need for an eyepiece. The LCD
screen replaces the bulky awkward eyepiece module. The
sample under analysis can be observed directly 1n real-time
comiortably by viewing the display screen. The LCD display
can be removed from the MICAM mstrument as well as the
clectronics module. The LCD display attaches to the electron-
ics module and can be held by the user similar to a video game
controller. Alternatively, the LCD display and electronics
module combination can be set on a nearby surface with a
stand that 1s provided.

When the LCD display 1s removed from the MICAM
instrument, samples can be set on the top surface of the tripod
stand. The 1maging tube can be removed and reversed or
tlipped such that the microscope objective 1s facing upward to
view the sample located on top of the stand. This provides
additional flexibility 1n viewing samples that might contain
specimens at the bottom of a liquid cuvette or petri dish. The
translation mechanism 1s built into the tripod stand and inde-
pendent of the imaging tube which enables the imaging tube
to be attached 1n eitther orientation.

The MICAM tripod can be placed on virtually any surface
to acquire high magnification photomicrographs. A wide
variety of 1llumination sources are built into the microscope
and no external light sources are required. Other available
portable microscopes are limited to demonstration purposes
and limited to 150x to 250x magnification. The portable
microscope of the present imnvention, on the other hand, can
have magnification greater than S00x.

The tripod stand can also take the form of a compact
cylinder with an electrical umbilical cord connecting the dis-
play screen and microscope imaging sensor and light sources.
The tripod stand 1s adjustable to rest on many surfaces. The
legs of the tripod are collapsible into a very compact cylinder
for storage, carrying in a case or transporting.

The MICAM system 1s completely self-contained and por-
table. No USB cable i1s necessary and no other computer
interface 1s required. Digital images or micrographs can be
stored directly onto a memory stick or other portable memory
device, similar 1n nature to digital camera image storage.

As seen 1in FIG. 4, the MICAM combination camera and
LCD display can be removed and replaced with a 2x (or any
other magnification) fused fiber taper array 401, providing a
lower cost viewing screen option for additional applications.
The tused fiber bundle taper 401 consists of a densely packed
array or bundle of fibers that are fused together with very
compact spacing ol in-tact fiber optics. The fiber taper is
heated and drawn apart creating a narrow section in the
middle near the heat source. The drawing process forms a
taper 1n the fiber bundle which 1s then cut 1n half producing
two 1dentical fiber tapers. When an image 1s formed on the
narrow face of the fiber taper a magnified version of the image
can be observed on the larger face of the fused fiber taper. (In
one embodiment, the fiber taper array used was from Schott
Glass, Elmsford, N.Y.) When the camera 1s removed, the
input face of the fiber taper 1s placed 1n the same 1mage plane
as the image sensor. The fiber taper transfers the image
formed by the microscope objective from the input face to the
output face of the fiber optic taper. The output face of the fiber
taper 1s twice as large as the mput face (or any other magni-
fication taper ratio) providing additional magnification and
direct visual observations. The sample can be viewed directly
with the unaided eye of an observer on the output face of the
fiber taper which provides an observation screen.

Another innovation ol the MICAM technology 1s the use 1n
certain embodiments of multiple multi-color LED or LD light
sources with multiple 1llumination techniques built-in. The
MICAM technology incorporates multiple light sources
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(LED’s or LD’s) built into a central imaging sleeve that
covers the 1mage sensor and microscope objective and 1s
directed onto the sample for uniform illumination of the
sample surface (see FIG. 2). Alternate illumination 1s
achieved through beam combining optics within the imaging
tube (FIG. 3). An i1llumination ring can be attached to the
specimen end of the microscope 1maging sleeve for oblique
close proximity 1llumination. Lastly, transmitted 1llumination
1s mcorporated to an accessory base plate. A light source
controller allows the user to select from the variety of built-in
light sources as well as to control the color and brightness of
the light sources. The lamp brightness 1s adjustable using a
lamp controller built into an embedded electronic controller.

The MICAM 1nnovation provides a compact hand-held
microscope that can be placed over virtually any sample for
direct microscope viewing without awkwardness and strain
of conventional microscope eyepiece viewing. A video or
data link 1s made from the imaging sensor to the LCD or any
other type of display. The imaging sensor contains exposure
settings to enable the user to increase or decrease the exposure
time. A rigid tripod-like stand enables the microscope to be
placed over any sample, and adjustments enable the sample to
be above or below the surface of the tripod legs. Focus adjust-
ments are available to compensate for a wide variety of
samples.

The CMOS 1mage sensor and LCD viewing screen are built
into a common housing back to back where the CMOS sensor
faces downward toward the sample and the LCD viewing
screen faces upward toward the observer. The object or
sample plane 1s located 1n the plane of the base of the tripod
legs and can be adjusted for samples that are above or below
the surface on which the tripod legs rest.

In one embodiment, the MICAM system incorporates a
removable base-plate with a slot attachment to hold conven-
tional microscope slides or other sample substrates.

In one embodiment, the MICAM system incorporates a
mimature multi-axis positioming stage to scan and observe
different regions of the sample while the tripod legs remain
stationary.

In one embodiment, a compact LCD display 1s built into
the top of the MICAM stand providing a convenient viewing,
screen.

An embedded micro-controller 1s built into an electronics
accessory board for additional capability, such as storing
images directly to a memory stick device in common 1mage
formats for portability to a computer or other image analysis
device. The optional embedded controller operates the imag-
ing detector, display monitor, light sources, translation stage
and other features of the MICAM system.

The embedded micro-controller enables 1mages acquired
using the MICAM system to be stored on a memory stick or
other compact memory storage device or be directly printed
to any available printer. Printer drivers can be loaded onto the
MICAM embedded micro-controller using a portable
memory storage device (e.g., a USB memory stick).

A DC power adapter receptacle 1s located on an electronics
interface enclosure mounted adjacent to one of the tripod legs
(see FIG. 2). An optional battery pack (e.g., a battery pack
similar to a battery pack used for video recorders) 1s mounted
adjacent to one of tripod legs or any other type of stand that 1s
an obvious extension of the present art.

MICAM can be used as a micro-comparator for machinists
or any other engineering or biological applications. The
imaging sensor can be calibrated 1n x and y dimensions using
calibrated reticule targets. An 1image of the target1s formed on
the detector plane to determine the lateral dimensions per
picture element or pixel.
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The MICAM LCD viewing screen and electronics module
can be removed from the tripod stand and held 1n the user’s
hand or set on a surface nearby. The imaging tube can be
removed and flipped and reinstalled 1n order to place samples
on top of the tripod stand.

The lateral positioning of the microscope objective and
imaging tube 1s accomplished using a minmiature translation
stage that 1s either a mimature hydraulic stage for maximum
stability and minimize vibration during motion, or a motor
driven stage.

In another embodiment, the invention comprises remov-
able LCD screen and electronics wire cable for image capture
without disturbing the instrument or sample. Still frame digi-
tal microscope 1mages or video sequences can be stored onto
memory modules (similar to digital camera 1image storage
devices, for example).

Another embodiment of the invention includes a stand that
can take the form of a tripod, adjustable folding legs, or
compact cylinder stand. The mini tripod stand 1s adjustable
and collapsible, providing convenient method to observe
samples 1n the field, relating to, for example, trees, crops,
forensics, pathology, mineralogy, machining, and muilitary
applications.

In other embodiments of the mmvention, interchangeable
objective lenses or lens turret have magnification of from 10x
to 100x.

In other embodiments, interchangeable relay lenses com-
prising a compound lens that may take the form of a miniature
telephoto lens are used with magnifications of 2x, Sx, or 10x.

Certain embodiments of the invention include a fine focus
comprising a hydraulic translation stage, and a PZT (Lead
Zirconate Titanate—Piezoelectric ceramic actuator) focusing
mechanism or micrometer adjusters.

The imaging detector and LCD viewing screen can be
replaced with a digital camera with specific attachments to
the MICAM microscope mstrument. A modified digital cam-
era can be purchased 1n conjunction with MICAM, providing
a conventional digital camera and digital microscope combi-
nation. The digital camera configuration provides an imaging
detector and viewing screen as well as 1image and video cap-
ture to a memory storage device. The digital camera lens,
which would be removable, and the camera both would attach
to the top of the MICAM tripod stand. This feature provides
reduced capability due to the small size of the LCD display
and redundant camera features that do not utilize MICAM to
the full potential imaging resolution. It 1s, however, a conve-
nient option to have dual use of a digital camera.

An accessory base plate provides a flat surface onto which
the MICAM microscope can be placed. The base plate has
machined slots for standard microscope slides and other
sample substrates. The accessory base consists of a multi-
color light source illumination pad built into the base plate
below the surface where the microscope or sample substrates
rest. This provides transmitted light 1llumination for applica-
tions that benefit from 1it.

The electronics controller provides user selectable features
for 1llumination control, color, brightness. Still images and
video sequences can also be captured and stored. Detector
exposure time can be adjusted with the electronics control
module. The electronics controller can be 1nterfaced to other
clectronic devices including a computer for more complex
applications. However, no other interfaces are required and
therefore MICAM i1s completely self-contained resulting in a
poweriul instrument for field use.

Focus adjustments are accomplished in three alternate
approaches. The imaging tube contains a rotating sleeve that
translates the imaging tube up or down by rotating the sleeve,
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similar 1n nature to the focus mechamism found in a camera
lens. A more precise focus control 1s accomplished with a
3-axis hydraulic actuated translation stage similar in nature to
a micro-mampulator used in biological cellular injection
applications. The 3-axis hydraulic stage can be seenin FIG. 5.
Alternatively, a piezo-electric focusing disk 1s incorporated
into the microscope objective for precision focus control
while course focus 1s accomplished by the rotary focus
mechanism described above.

As the present invention may be embodied 1n several forms
without departing from the spirit or essential characteristics
thereot, 1t should also be understood that the above-described
embodiments are not limited by any of the details of the
foregoing description, unless otherwise specified, but rather
should be construed broadly within 1ts spirit and scope as
defined 1n the appended claims, and therefore all changes and
modifications that fall within the metes and bounds of the
claims, or equivalence of such metes and bounds are therefore
intended to be embraced by the appended claims.

The mvention claimed 1s:

1. An integrated portable microscope comprising:

(a) a tripod stand comprising adjustable legs and affixed to
a positioning stage;

(b) a visual display component aflixed to the positioning
stage:

(c) an 1maging detector component electrically connected
to the visual display;

(d) an 1maging lens and an objective lens both of which are
housed within an 1maging tube having two ends, one end
of which 1s affixed to the positioning stage and oriented
transverse thereto, and the other end of which 1s directed
toward a sample to be viewed;

(¢) at least one 1llumination source, wherein the 1llumina-
tion source 1s affixed to the imaging tube between the
imaging detector and the imaging lens and oriented such
that the light 1s directed toward the imaging lens at an
oblique angle; and

(1) at least one 1imaging module threaded 1nto the imaging
tube and attached to a mating threaded flange affixed to
the tripod stand,

wherein the imaging module enables dark field, bright
field, phase contrast and fluorescence imaging, and

wherein the portable microscope 1s used for 1n-situ obser-
vation of a specimen.

2. The portable microscope of claim 1, wherein the 1mag-
ing detector component 1s a CCD or a CMOS 1maging detec-
tor.

3. The portable microscope of claim 1, wherein the visual
display component 1s an LCD visual display.

4. The portable microscope of claim 1, wherein the objec-
tive lens has a magnification of from 10x to 100x.

5. The portable microscope of claim 1, wherein the 1mag-
ing lens has a magnification of from 2x to 10x.
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6. The portable microscope of claim 1, wherein the com-
pound magnification of the imaging and objective lens 1s
greater than 500x.

7. The portable microscope of claim 1, wherein the objec-
tive lens 1s mterchangeable.

8. The portable microscope of claim 1, wherein the imag-
ing module comprises an 1maging detector, an 1maging lens,
a beam splitter/recombination optic, an interchangeable
objective lens, a specimen surface/sample holder, a selectable
light source, a light source collimating lens, an iris dia-
phragm, and a filter.

9. The portable microscope of claim 1, wherein the 1llumi-
nation source 1s selected from the group consisting of an
LED, a UV LED, a White Light LED, a narrow band LED, a
laser diode, any white light source, a mercury lamp, and a
xenon lamp.

10. The portable microscope of claim 1,wherein the illu-
mination source comprises a ring of alternating color LED
lamps located along the imaging tube.

11. The portable microscope of claim 1, wherein the illu-
mination source comprises a ring of surface mounted LED
chips alternating in color around a ring.

12. The portable microscope of claim 11, wherein the LED
chips alternating 1n color are of ultraviolet, blue, green, red
and white light.

13. The portable microscope of claim 1, wherein the illu-
mination source comprises a beam splitter cube to enable
fluorescence, bright field or dark field imaging.

14. The portable microscope of claim 1, wherein the illu-
mination source 1s an 1llumination disk located underneath
the sample.

15. The portable microscope of claam 14, wherein the
i1llumination disk comprises a two-dimensional array of alter-
nating color LED’s.

16. The portable microscope of claim 14, wherein the
1llumination disk comprises an LCD screen.

17. The portable microscope of claim 1, wherein the visual
display further comprises a digital camera.

18. The portable microscope of claim 1, wherein the visual
display comprises a fused fiber bundle taper.

19. The portable microscope of claim 1, further comprising
a micro-controller electrically connected to the visual display.

20. The portable microscope of claim 1, wherein the posi-
tioning stage can pivot on at least two axes.

21. The portable microscope of claim 1, further comprising,
a means of adjusting the focus of the 1image.

22. The portable microscope of claim 1, further comprising,
a removable base plate.

23. The portable microscope of claim 22, wherein the base
plate turther comprises a slot to hold a substrate.

24. The portable microscope of claim 1 comprising four or
more 1llumination sources.
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